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A LIGHT GUIDE APPARATUS, A BACKLIGHT APPARATUS AND A LIQUID 

CRYSTAL DISPLAY APPARATUS 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a light guide apparatus, a backlight apparatus and a 
liquid crystal display (LCD) apparatus using the backlight apparatus. 

Description of the Related Art 

A backlight apparatus has been used as a light source of an LCD apparatus. Fig. 1(A) 
shows an LCD apparatus using a conventional backlight apparatus. The conventional backlight 
apparatus includes a fluorescent lamp 1 generating white light, a reflecting cover 2 mounted to 
surround a top side, a bottom side and a rear side of the fluorescent lamp 1, a wedge-type light 
guide 3, a light scattering layer 4 attached on the bottom surface of the light guide 3, a metallic 
reflector 5 placed below the light guide 3, and light-shaping films 6 and 7 placed above the 
light guide 3. A prism sheet, which refracts the incidence light directed from an oblique 
direction toward a vertical direction of the prism sheet, is frequently used as the light-shaping 
films 6 and 7. The light scattering layer 4 is actually a dotted pattern printed on the bottom 
surface of the light guide 3. 
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Each of the dots diffuses the incidence light upwardly with a large angle distribution, 
as shown in a right side portion of the light scattering layer 4 in Fig. 1 . By controlling the 
density of the dots over the bottom surface of the light guide 3, the backlight apparatus can 



5 from the top surface of the light guide 3 is diffused with a large angle distribution. For some 
applications such as an LCD apparatus for notebook personal computers, this angle distribution 
of the emitted light is so large that the efficiency of usage of the light from the light source, or 
the fluorescent lamp 1 is not high. Therefore, one or more light-shaping sheets are used to 
obtain the appropriate angle distribution. The metallic reflector 5 serves as a light recirculator, 

10 which can reflect the light leaking out from the bottom light scattering layer 4 back into the 
light guide 3, for light recycling. 

The light emitted by the backlight apparatus is directed to an LCD panel 10 through a 
polarizer 8. A polarizer 9 also is placed above the LCD panel 10. The LCD panel 10 includes 
an upper glass substrate 1 1 and a lower glass substrate 12, and peripheral edges of both the 

15 glass substrates 1 1 and 12 are sealed by a sealing area 13. A color filter which includes red, 
green and blue color filter segments, and a common electrode, not shown in Fig. 1(A), are 
formed on the inner surface of the upper glass substrate 1 1 to realize the color LCD apparatus. 
One pixel is constituted by three sub-pixels (i.e., the R, G and B sub-pixels). The liquid crystal 
material, such as a 90-degrees twisted nematic (TN) liquid crystal material is enclosed within 

20 the space between the glass substrates 1 1 and 12. 

A first problem of the conventional backlight apparatus is that it is very difficult to 
obtain the light emitted with an angle spread less than 10 degrees FWHM (Full Width at Half 
Maximum), as shown in Fig. 1(B). 



uniformly pass the light through from the top surface of the light guide 3. The emitted light 
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Another problem of the conventional backlight apparatus is that the backlight 
apparatus requires many components, some of which are not easily fabricated, so that the 
fabrication cost becomes high. 

A third problem of the conventional backlight apparatus is that since the light from the 
5 fluoresecent lamp 1 passes through many components, the intensity of the light is largely 
attenuated while passing through the components. 



SUMMARY OF THE INVENTION 

In view of the foregoing and other problems, disadvantages, and drawbacks of the 
conventional methods and structures, an object of the present invention is to provide a light 
10 guide and a backlight apparatus which emits light with an angle spread less than 10 degrees 
FWHM. 

It is another object of the present invention to provide a light guide and a backlight 
apparatus with reduced fabrication cost. 

It is yet another object of the present invention to provide a light guide and a backlight 
15 apparatus which improves the efficiency of usage of the light from the light source. 

It is still another object of the present invention to provide an LCD apparatus using the 
light guide apparatus and the backlight apparatus mentioned above. 

A backlight apparatus in accordance with a first aspect of the present invention 
includes a wedge-type light guide of a refractive index nl, having a top surface, a bottom 
2 0 surface and a side surface, 



JP9-1998-0142US1 




a light source for directing light to the side surface of the wedge-type light guide, a first light 
transmission layer of a refractive index n2, which is smaller than the refractive index nl, 
having a top surface and a bottom surface, wherein the top surface of the first light 
transmission layer is attached to the bottom surface of the wedge-type light guide, and 
5 a light deflecting layer having a top surface attached to the bottom surface of the first light 
transmission layer for deflecting the incident light from the first light transmission layer toward 
the top surface of the wedge-type light guide. 

The range of the refractive index nl of the wedge-type light guide is preferably 
approximately 1 .4 through approximately 2.0, and the range of the refractive index n2 of the 

10 first light transmission layer is preferably approximately 1 .2 through approximately 1 .4. 

The refractive index nl of the wedge-type light guide is preferably approximately 1 .49, 
and the refractive index n2 of the first light transmission layer is preferably approximately 1.3. 

The range of a top angle between the top surface and the bottom surface of the 
wedge-type light guide is preferably approximately 0.1 through approximately 3 degrees. 

15 The light deflecting layer preferably includes a second light transmission layer having a 

refractive index, which is substantially equal to the refractive index nl of the wedge-type light 
guide, and a plurality of mirrors, each of which has a reflecting surface tilted by a selected 
angle from the top surface of the light deflecting layer to reflect the incident light from the first 
light transmission layer through the second light transmission layer toward a light path along a 

2 0 direction of a normal line of the top surface of the wedge-type light guide, wherein the second 
light transmission layer is attached to the bottom surface of the first light transmission layer, 
and the second light transmission layer and the plurality of mirrors are integrally formed. 
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The light deflecting layer includes a plurality of mirrors, each of which has a reflecting 
surface tilted by a selected angle from the top surface of the light deflecting layer to reflect the 
incident light from the first light transmission layer toward a light path along a direction of a 
normal line of the top surface of the wedge-type light guide, wherein the first light transmission 
5 layer and the plurality of mirrors are integrally formed. 

The plurality of mirrors includes mirrors, each of which has the reflecting surface tilted 
by the selected angle, mirrors, each of which has the reflecting surface tilted by an angle larger 
than the selected angle, and mirrors, each of which has the reflecting surface tilted by an angle 
smaller than the selected angle. 
10 The light source includes a fluorescent lamp, and the light reflecting surface of each of 

the mirrors continuously extends in a direction, which is parallel to a center line of the 
fluorescent lamp. 

A backlight apparatus in accordance with a second aspect of the present invention 
includes a wedge-type light guide of a refractive index nl, having a top surface, a bottom 

1 5 surface and a side surface, a light source for directing light to the side surface of the 

wedge-type light guide, a light transmission layer of a refractive index n2, which is smaller 
than the refractive index nl, having a top surface and a bottom surface, wherein the bottom 
surface of the light transmission layer is attached to the top surface of the wedge-type light 
guide, and a plurality of prisms attached on the top surface of the light transmission layer for 

20 directing the incident light from the light transmission layer toward a light path along a 
direction of a normal line of the top surface of the light transmission layer. 

A backlight apparatus in accordance with a third aspect of the present invention 
includes a wedge-type light guide of a refractive index nl, having a top surface, a bottom 
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surface and a side surface, a light source for directing light to the side surface of the 
wedge-type light guide, a first light transmission layer of a refractive index n2, which is smaller 
than the refractive index nl , having a top surface and a bottom surface, wherein the top surface 
of the first light transmission layer is attached to the bottom surface of the wedge-type light 
5 guide, and a light deflecting layer having a top surface attached to the bottom surface of the 
first light transmission layer for separating colors of the incident light from the first light 
transmission layer and for directing the lights of the separated colors toward the top surface of 
the wedge-type light guide. 

The light deflecting layer includes a second light transmission layer having a refractive 

10 index, which is substantially equal to the refractive index nl of the wedge-type light guide, and 
a reflective diffraction grating for separating the incident light from the first light transmission 
layer through the second light transmission layer into the light of red, green and blue colors, 
and for directing the light of the green color, the blue color and the red color, along three light 
paths, respectively, wherein one of the three light paths is parallel to a normal line of the top 

15 surface of the wedge-type light guide, and the remaining two light paths are separated from the 
one light path, and the second light transmission layer and the reflective diffraction grating are 
integrally formed. 

The light deflecting layer includes a reflective diffraction grating for separating the 
incident light from the first light transmission layer into the light of red, green and blue colors, 
20 and for directing the light of the green color, the blue color and the red color, along three light 
paths, respectively, wherein one of the three light paths is parallel to a normal line of the top 
surface of the wedge-type light guide, and the remaining two light paths are separated from the 
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one light path, and the first light transmission layer and the reflective diffraction grating are 
integrally formed. 

A liquid crystal display (LCD) apparatus in accordance with yet another aspect of the 
present invention includes an LCD panel including an upper transparent substrate, a lower 
5 transparent substrate, and a liquid crystal material filled between the upper transparent substrate 
and the lower transparent substrate, a light diffusing layer adjacent to the upper transparent 
substrate, and a backlight apparatus adjacent to the lower transparent substrate, wherein the 
backlight apparatus includes a wedge-type light guide of a refractive index nl, having a top 
surface, a bottom surface and a side surface, a light source for directing light to the side surface 

10 of the wedge-type light guide, a first light transmission layer'of a refractive index n2, which is 
smaller than the refractive index nl, having a top surface and a bottom surface, wherein the top 
surface of the first light transmission layer is attached to the bottom surface of the wedge-type 
light guide, and a light deflecting layer having a top surface attached to the bottom surface of 
the first light transmission layer for deflecting the incident light from the first light transmission 

1 5 layer toward the top surface of the wedge-type light guide. 

A color filter is formed preferably on an inner surface of the upper transparent 
substrate. 

An LCD apparatus in accordance with yet another aspect of the present invention 
includes an LCD panel including an upper transparent substrate, a lower transparent substrate, 
20 and a liquid crystal material filled between the upper transparent substrate and the lower 
transparent substrate, a light diffusing layer adjacent to the upper transparent substrate, and a 
backlight apparatus adjacent to the lower transparent substrate, wherein the backlight apparatus 
includes a wedge-type light guide of a refractive index nl, having a top surface, a bottom 
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surface and a side surface, a light source for directing light to the side surface of the 
wedge-type light guide; a light transmission layer of a refractive index n2, which is smaller 
than the refractive index nl, having a top surface and a bottom surface, wherein the bottom 
surface of the light transmission layer is attached to the top surface of the wedge-type light 
5 guide, and a plurality of prisms attached on the top surface of the light transmission layer for 
directing the incident light from the light transmission layer toward a light path along a 
direction of a normal line of the top surface of the light transmission layer. 

An LCD apparatus in accordance with a still further aspect of the present invention 
includes an LCD panel including an upper transparent substrate, a lower transparent substrate, 

10 and a liquid crystal material filled between the upper transparent substrate and the lower 
transparent substrate, a light diffusing layer adjacent to the upper transparent substrate, and a 
backlight apparatus adjacent to the lower transparent substrate, wherein the backlight apparatus 
includes a wedge-type light guide of a refractive index nl, having a top surface, a bottom 
surface and a side surface, a light source for directing light to the side surface of the 

15 wedge-type light guide, a first light transmission layer of a refractive index n2, which is smaller 
than the refractive index nl, having a top surface and a bottom surface, wherein the top surface 
of the first light transmission layer is attached to the bottom surface of the wedge-type light 
guide, and a light deflecting layer having a top surface attached to the bottom surface of the 
first light transmission layer for separating colors of the incident light from the first light 

20 transmission layer and for directing the light of the separated colors toward the top surface of 
the wedge-type light guide. 

A lens array is arranged preferably between the lower transparent substrate and the top 
surface of the wedge-type light guide, and the lens array directs the light of blue color, the light 
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of green color and the light of red color to three adjacent sub-pixels of the LCD panel, 
respectively. 

A light guide apparatus in accordance with another aspect of the present invention 
includes a wedge-type light guide of a refractive index nl, having a top surface, a bottom 
5 surface and a side surface, a light transmission layer of a refractive index n2, which is smaller 
than the refractive index nl , having a top surface and a bottom surface, wherein the top surface 
of the light transmission layer is attached to the bottom surface of the wedge-type light guide, 
and a light deflecting layer having a top surface attached to the bottom surface of the light 
transmission layer for deflecting the incident light from the light transmission layer toward the 

l o top surface of the wedge-type light guide. 

A light guide apparatus in accordance with yet another aspect of the present invention 
includes a wedge-type light guide of a refractive index nl, having a top surface, a bottom 
surface and a side surface, a light transmission layer of a refractive index n2, which is smaller 
than the refractive index nl , having a top surface and a bottom surface, wherein the bottom 

15 surface of the light transmission layer is attached to the top surface of the wedge-type light 
guide, and a plurality of prisms attached on the top surface of the light transmission layer for 
directing the incident light from the light transmission layer toward a light path along a 
direction of a normal line of the top surface of the light transmission layer. 

A light guide apparatus in accordance with yet another aspect of the present invention 

20 includes a wedge-type light guide of a refractive index nl , having a top surface, a bottom 
surface and a side surface, a light transmission layer of a refractive index n2, which is smaller 
than the refractive index nl , having a top surface and a bottom surface, wherein the top surface 
of the light transmission layer is attached to the bottom surface of the wedge-type light guide; 
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arid a light deflecting layer having a top surf^e attached to the 
transmission layer firi^ 

and fcii" directing tile light pf the separated colors toward^ pf the Wedg^r^^liglW 

guides -'/-V - . ; - ; ' ' \' : ''^r^r , '^^-, i fi' 

:^'f' 'f :i ^The-present disclosure relates to subject matter contained in Japanese Patent?; . r 
^ppSic^ 

reference in its entirety. ; \\ • - >_ - . 



BRIEF DESCMPTION OF TIffi DRAWINGS 



fill 



j ' The foregoing arid other purposes, aspects and' advantages wiU be better m 
jfrom the following detailed, descnptiqh o£^ plth^mySehtioh^ 
. referee to thCdr^ings, in which: 



v^n^ Figures" 

conventional backlight apparatus; ■ , 

■ • Figure 2 shows a first embodiment pf^h^ backlight " 

apparatus in accordance with the present invention; ' 

Figures 3 A arid 3B, respectively, show one of the light paths in the backlight apparatus 
in accprdance witK f x ; /• 

Figures 4A and 4B, respectively, show the control of the angle spread of the light 
emitted from the top surface of a light guide 22; 
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Figure 5 shows the arrangement of ridges or rising portions forming the mirrors with 
respect to a fluorescent lamp 20; 

Figure 6 shows an alternative structure of the backlight apparatus in accordance with 
the present invention; 

5 Figure 7 shows an alternative backlight apparatus in accordance with the present 

invention; 

Figure 8 shows a second embodiment of the color LCD apparatus using the backlight 
apparatus in accordance with a present invention; 

Figure 9 shows one of the light paths for a color separation by a reflective grating 41 in 
10 a light deflecting layer 24; 

Figure 10 shows a cylindrical lens array including a plurality of cylindrical lenses, such 

as lenses 38 and 42; 

Figure 1 1 shows the white light generated by the fluorescent lamp 20; and 
Figure 12 shows an alternative structure of the backlight apparatus in accordance with 
1 5 the present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS OF THE INVENTION 

Referring now to the drawings, and more particularly to Figures 1 A- 12, there are 

j 

shown preferred embodiments of the structures according to the present invention. 
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First Embodiment 

Fig. 2 shows a first embodiment of the color LCD apparatus using the backlight 
apparatus in accordance with the present invention. The backlight apparatus includes a light 
source 20, such as a cold cathode fluorescent lamp, for generating white light, a reflecting 

5 cover 21 mounted to surround a top side, a bottom side and a rear side of the fluorescent lamp 
20, a wedge-type light guide 22 of a refractive index nl, a first light transmission layer 23 of a 
refractive index n2, which is smaller than the refractive index nl of the light guide 22 and is 
larger than the refractive index of the air, which is about 1 .0, and a light deflecting layer 24 of 
the refractive index substantially equal to the refractive index nl of the light guide 22. 

l o the top surface and the bottom surface of the first light transmission layer 23 are 

parallel to each other, and the top surface of the first light transmission layer 23 contacts the 
bottom surface of the wedge-type light guide 22. The light from the fluorescent lamp 20 enters 
into the light guide 22 through the side surface of the light guide 22. The top surface and the 
bottom surface of the light deflecting layer 24 are parallel to each other, and the top surface of 

15 the light deflecting layer 24 contacts the bottom surface of the first light transmission layer 23. 
In this manner, the light guide 22, the first light transmission layer 23 and the light deflecting 
layer 24 contacts each other without any space therebetween. An apex angle or a top angle T 
defined by the top surface and the bottom surface of the wedge-type light guide 22 is in the 
range of substantially about 0.1 degree through about 3.0 degrees, and more preferably is about 

20 0.3 degree. The wedge-type light guide 22 is adjacent to the polarizer 27 and the LCD panel 29. 

The combination of the wedge-type light guide 22, the light transmission layer 23 and 
the light deflecting layer 24 (micro mirrors 26 in Fig. 6, a prism sheet 34 in Fig. 7, and a 
reflective diffraction grating 41 in Fig. 12) is called "the light guide apparatus" in the present 
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application. That is, the backlight apparatus includes the light guide apparatus and the light 
source. 

The light emitted from the top surface of the wedge-type light guide 22 is directed to 
an LCD panel 29 through a polarizer 27. A polarizer 28 is also placed above the LCD panel 29. 
The LCD panel 29 includes an upper transparent or glass substrate 30 and a lower transparent 
or glass substrate 3 1 , and peripheral edges of both the glass substrates 30 and 3 1 are sealed by a 
sealing area 32. A pixel array is formed on the inner surface of the lower glass substrate 31. 
The pixel array includes data lines, gate lines, and a plurality of sub-pixels, each of which is 
formed at each of the cross points of the data lines and the gate lines, respectively. The 
sub-pixel can be connected to the data line and the gate line through a thin film transistor 
(TFT). The three, i.e. red, green and blue sub-pixels form one pixel. Since the pixel array is 
well known in the art, it is not shown in Fig. 2. A color filter which includes red, green and 
blue color filter segments, and a common electrode, not shown in Fig. 2, are formed on the 
inner surface of the upper glass substrate 30 to realize the color LCD apparatus. The liquid 
crystal material, such as 90-degrees twisted nematic liquid crystal material is enclosed within 
the space between the glass substrates 30 and 3 1 . A light diffusing layer 33 is placed on the 
polarizer 28. 

The operation of the backlight apparatus in accordance with the present invention is 
described with reference to Figs. 2, 3A and 3B. Figs. 3A and 3B show one of the light paths in 
the backlight apparatus in accordance with the present invention. 

The light directed into the light guide 22 from the light source 20 is reflected back at 
both the top surface and a bottom interface between the light guide 22 and the first light 
transmission layer 23 as total internal reflection, if the incidence angle to the top surface of the 
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light guide 22 is larger than the total internal reflection critical angle CI of the top surface, and 
the incidence angle to the bottom interface between the light guide 22 and the first light 
transmission layer 23 is larger than the total internal reflection critical angle C2 of the interface. 
During the total internal reflection, the incidence angle to the top surface and the 

5 bottom interface becomes smaller and smaller by twice of the top angle of the wedge-type light 
guide 22. The total internal reflection critical angle CI of the top surface of the light guide 22 
equals ARCSIN (1/nl), wherein the nl is the refractive index of the material of the light guide 
22, and the value "1" is the refractive index of the air existing between the top surface of the 
light guide 22 and the polarizer 27. The transparent material or the light transmission material 

10 having the refractive index of approximately 1.4 through approximately 2.0, such as acrylic 
resin, glass, polycarbonate, polyethylene or polyester, can be used as the wedge-type light guide 
22. The preferable material for the wedge-type light guide 22 is acrylic resin or glass having the 
refractive index nl=1.49. In this case, the critical angle CI is equal to 42 degrees, as shown in 
Fig. 3A. 

15 The total internal reflection critical angle C2 at the interface of the light guide 22 and 

the first light transmission layer 23, which refractive index n2 is lower than the nl of the light 
guide 22, equals ARCSIN (n2/nl). The transparent material or the light transmission material 
having the refractive index of approximately 1.2 through approximately 1 .4, such as fluorinated 
polymer, Teflon AF 2400 (Trade name) having the refractive index of 1.29 from DuPont Corp, 

20 and Optomer Series polymer having the refractive index of 1 .38 from JSR Corp., can be used 
as the first light transmission layer 23. Also, sol-gel material including silica (Si0 2 ) prepared to 
have the refractive index of approximately 1.2 through 1.4 can be used as the first light 
transmission layer 23. The preferable material for the first light transmission layer 23 is 
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flubrinated polymer having a refractive index of about 1 .3. In the case of the ri2=1.3, then the 
total internal reflection critical angle C2 is equal to 60.7 degrees, as shown in Fig. 3A. 
Therefore, when the incidence angle of one particular light ray at the interface becomes 60 
degrees, some portion of the power of the light leiaks out to die first lijgphLt ttansmissiori layer 23 
of the low refractive index n2 rather than being reflected back, and almost all the light power 
enters into the first light transmission layer 23 during the several reflections since the incidence 
angle gets steeper and steeper every 'time the light comes back to the interface between the light 
guide 22 and the .first light transmission layer 23. , - ^ 

Since the critical angle Gl of the top surface of the light guide 22 is still small enough 
for the lijghtt t6 leak but there, all $k light power passes Afough the iffierface between the light 
guide 22 having the refractive index nl and the first light transmission layer 23 having the 
refractive ^ nl. In other words, the incidence angle ot the lighttb the 

interface becomes smaller than the total internal reflection critical angle (32, before that the ^ 
incidehce anglerof tHfe light .to thp^tpf) surface tif Ae light giHde; 22 Becomes smaller than: the ; 
total internal reflection critical angled tk : , . ^' 

r In this manner, the li^t reflected wit^ 
interface between the light guide 22 and the first light transmission layer 23 without being 
leaking through the top surface of ttie light guide 22, since the critical angle CI is smill^r than 
the critical angle C2. The light is transmitted within the first light transmission layer 23, and 
reaches the interface between the layer 23 and the light deflecting layer 24. The light deflecting 
layer 24 includes a second light transmission layer 25 having the refractive index substantially 
equal to the refractive index nl of the light guide 22, and micro mirrors 26 made of metal, such 
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as Al or Ni. The second light transmission layer 25 and the micro mirrors 26 are integrally 
formed. 

That is, the material of the second light transmission layer 25 contacts to the whole 
surface of the micro mirrors 26, without any space. The distance LI between the mirrors 26 is 
5 about 50 fim and is very small in comparison with the size of the sub-pixel of the LCD panel 
29. The second light transmission layer 25 can be made of acrylic resin or glass. Since the top 
angle of the wedge-type light guide 22 can be approximately 0.3 degree, the angle distribution 
or the angle spread of the light that actually enters into the second light transmission layer 25 
through a point 48 is very small, and is usually within one degree angle spread, i.e. ± 1 degree 
10 angle spread. 

The reasons for producing the ± 1 degree angle spread on the light entering the second 
light transmission layer 25 through a point 48 on the interface between the first light 
transmission layer 23 and the second light transmission layer 25, are as follows. First, the light 
along one light path is described with reference to Fig. 3(A). Since the refractive index of the 

15 second light transmission layer 25 is substantially equal to the nl (=1.49), the entering angle of 
the light into the second light transmission layer 25 through the point 48 is approximately 
equals to the angle A, which is the incidence angle to the interface of the light guide 22 and the 
first light transmission layer 23, as shown in Fig. 3(A). However, the light enters from the first 
light transmission layer 23 to the second light transmission layer 25 at the point 48 through a 

20 plurality of light paths, as shown in Fig. 3(B). In Fig. 3(B), only three light paths 49, 50 and 51 
are shown, for simplifying the drawing. When the top angle of the wedge-type light guide 22 is 
0.3 degree, the angles of all the light along the plural light paths 49, 50 and 51 fall into the 
angle range A ± 1 degrees. That is, the angle between the light path 49 and the normal line N is 



•JP9-1998-0142US1 



equal to the angle A, the angle between the light path 50 and the normal line N is equal to the 
angle A-l degrees, and the angle between the light path 51 and the normal line N is equal to the 
angle A+l degrees. 

In this manner, the angles of the light entering into the second light transmission layer 
5 25 fall into the angle range A ± 1 degrees. In the exemplary case, the angle range A ± 1 is 
substantially equal to 60 ± 1 degrees, and this 60 ± 1 degrees angle range is called an "angle 
D" in the present application. The light directed to the micro mirrors 26 is reflected toward the 
light guide 22. The top surface of the light guide 22 is parallel to the surface of the LCD panel 
29. A tilting angle 0 of each mirror 26 is defined by the reflecting surface and the flat surface 

1 o 26 A of the mirror 26, which is parallel to the top surface of the light deflecting layer 24. It is 

noted that when the tilting angle 6 is fixed and the angle A is changed by one degree, the angle 
E between the emitting light and the normal line N is changed by one degree. When the tilting 
angle 6 is changed by one degree and the angle A is fixed, the angle E between the emitting 
light and the normal line N is changed by two degrees. 
1 5 When the tilting angle 0 is 30 degrees, and the angle D is equal to the 60± 1 degrees, 

the angle spread of the emitting light from the top surface of the light guide 22 is in the range 
of 0± 1 degree, as shown in Fig. 3(A). When the light coming from the light guide 22 passes 
through the polarizer 27, the LCD panel 29 and the polarizer 28, and passes through the light 
diffusing layer 33, the light is diffused by the light diffusing layer 33 within a predetermined 

2 o diffusion angle B, as shown in Fig. 2. 

In this manner, the light is entered from the light source 20 to the wedge-type light 
guide 22 adjacent to the polarizer 27 and the LCD panel 29, then is entered into the first light 
transmission layer 23 after several total internal reflections in the light guide 22, then is entered 
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into the light deflecting layer 24, then is reflected by the micro mirrors 26 along the normal 
direction of the surface of the LCD panel 29 with a selected angle spread, and is finally emitted 
from the top surface of the light guide 22 to the polarizer 27 and the LCD panel 29. 

Next, the operational feature of the LCD apparatus in accordance with the present 
5 invention, which remarkably differs from the conventional LCD apparatus, and the meritorious 
effects performed by the present invention are described. In the conventional LCD apparatus 
using the backlight apparatus, as shown in Fig. 1, the ratio of the light power used for 
displaying the image is relatively low. 

For example, the light power is largely attenuated when the light is reflected back to 

10 the light guide 3 by the reflector 5, and the light is deflected by the prism sheets 6 and 7. In this 
manner, the relatively large light power is lost before it reaches the LCD panel 10, so that a 
relatively large power source (i.e., a large capacity battery in the case of the notebook PCs) is 
required. Further, in the case of the TN (Twisted Nematic) mode LCD apparatus, when the user 
sees the light passing through the liquid crystal molecules along an oblique direction (for 

15 example, the direction of 45 degrees separated from the normal line of the display surface) the 
transmitted light power (i.e., the luminance) is decreased, so that the contrast ratio is decreased. 

In contrast to the conventional LCD apparatus, the loss of light power can be 
remarkably decreased in the present invention, since substantially all the light power from the 
light source 20 can be transmitted to the light deflecting layer 24 through the interface between 

20 the light guide 22 and the first light transmission layer 23 and through the first light 

transmission layer 23, and substantially all the light power of the incidence light to the light 
deflecting layer 24 can be reflected or directed toward the LCD panel 29 with the angle spread 
of 0± 1 degree in the case that the tilting angle of the mirrors 26 is substantially 30 degrees. 
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Further, in the present invention, since the light passes through the TN liquid crystal 
material of the LCD panel 29 along the light path with ± 1 degree angle spread from the normal 
line of the surface of the LCD panel 29 in the case that the tilting angle of the mirrors 26 is 30 
degrees, a decreased contrast ratio depending upon the viewing angle in the conventional LCD 
5 apparatus caused by the light passing through the liquid crystal molecules in the oblique 
direction can be prevented. 

Further, since the present invention uses the light diffusing layer 33 for diffusing the 
light transmitted through the LCD panel 29 by the predetermined diffusing angle, the user can 
observe the displayed image without a decreased contrast ratio. In this manner, the backlight 

l o apparatus in accordance with the present invention can pass the light in the light path along the 
normal line of the surface of the LCD panel 29 with the minimum angle spread (i.e. ± 1 degree) 
through the liquid crystal molecules of the LCD panel 29, and the light passing through the 
liquid crystal molecules is diffused by the light diffusing layer 33, which can diffuse the light 
by the predetermined angle, to provide the user with a desired viewing angle. 

15 Any desired viewing angle can be realized by selecting the diffusing angle of the light 

diffusing layer 33, without causing the conventional problem due to the light passing through 
the liquid crystal molecules in the oblique direction. The light path along the normal line of the 
surface of the LCD panel 29 with the minimum angle spread (i.e., ± 1 degree) is realized by the 
combination of the wedge-type light guide 22 having the refractive index of n 1=1. 49 and the 

20 top angle of 0.3 degree, the first light transmission layer 23 having the refractive index of 
n2=l .3, and the light deflecting layer 24. The similar light path can be performed by using the 
top angle of the range of 0.1 degree through 3.0 degrees, the refractive index nl of the range of 
1 .4 through 2.0, and the refractive index n2 of the range of 1 .2 through 1 .4. 
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The tilting angle 9 of the plurality of mirrors 26 can be controlled to control the angle 
spread of the light from the top surface of the light guide 22. It is noted that the angle of the 
light directed to each of the mirrors Ml through M5 is the angle D(=60± 1 degrees), which is 
described with respect to Figs. 3(A) and 3(B). 
5 Figs. 4(A) and 4(B) show the control of the angle spread of the light from the top 

surface of the light guide 22. As shown in Fig. 4(A), the tilting angle of the mirrors Ml is 
shifted to 32 degrees to reflect the light with the angle spread of 4 ± 1 degrees, wherein the 
angle 4 degrees represents that, due to the shift of the tilting angle 9 by +2 degrees from the 30 
degrees, the light path of the reflected light is shifted by 4 degrees from the normal line of the 

10 top surface of the light guide 22 in the rightward direction in Fig. 4(A), and the angle spread of 
the ± 1 degree is caused by the angle spread of the ± 1 degree of the incident light to the 
reflecting surface of the mirror Ml, as described above. 

The tilting angle of the mirrors M2 is shifted to 28 degrees to reflect the light with the 
angle spread of 4 ± 1 degrees, wherein the angle 4 degrees represents that, due to the shift of 

15 the tilting angle 9 by -2 degrees from the 30 degrees, the light path of the reflected light is 
shifted by 4 degrees from the normal line of the top surface of the light guide 22 in the leftward 
direction in Fig. 4(A), and the angle spread of the ± 1 degree is caused by the angle spread of 
the ± 1 degree of the incident light to the reflecting surface of the mirror M2, as described 
above. The tilting angle of the mirrors M3 is maintained at 30 degrees to reflect the light with 

20 the angle spread of 0 ± 1 degree, wherein the angle 0 degree is obtained since the tilting angle 
9 is maintained at 30 degrees, and the angle spread of the ± 1 degree is caused by the angle 
spread of the ± 1 degree of the incident light to the reflecting surface of the mirror M3, as 
described before. 
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The tilting angle of the mirrors M4 is shifted to 3 1 degrees to reflect the light with the 
angle spread of 2 ± 1 degrees, wherein the angle 2 degrees represents that, due to the shift of 
the tilting angle 0 by +1 degree from the 30 degrees, the light path of the reflected light is 
shifted by the 2 degrees from the normal line of the top surface of the light guide 22 in the 
5 rightward direction in Fig. 4(A), and the angle spread of the ± 1 degree is caused by the angle 
spread of the ± 1 degree of the incident right to the reflecting surface of the mirror M4, as 
described before. Further, the tilting angle of the mirrors M5 is shifted to 29 degrees to reflect 
the light with the angle spread of 2 ± 1 degrees, wherein the angle 2 degrees represents that, 
due to the shift of the tilting angle 0 by -1 degree from the 30 degrees, the light path of the 

10 reflected light is shifted by the 2 degrees from the normal line of the top surface of the light 
guide 22 in the leftward direction in Fig. 4(A), and the angle spread of the ± 1 degree is caused 
by the angle spread of the ± 1 degree of the incident light to the reflecting surface of the mirror 
M5, as described before. 

Although only five mirrors Ml through M5 are shown in Fig. 4, the tilting angle of 

15 another mirror(s), not shown, can be shifted to produce the various angle spreads, such as 1 ± 1 
degrees, 3 ± 1 degrees, etc., resulting in the intensity of the light within the viewing angle of 
the 4 ± 1 degrees, as shown in Fig. 4(B), being uniform. The tilting angle 0 of the mirrors 26 
can be shifted by 30 ± 20 degrees. In other words, the range of the tilting angle 0 of the mirrors 
26 is 10 degrees through 50 degrees. If the shift of the tilting angle 0 exceeds the ± 20 degrees, 

20 the reflected light from the mirrors 26 is reflected back to the light guide 22 since the incidence 
angle of the reflected light to the top surface of the light guide 22 becomes larger than the total 
internal reflection critical angle CI, shown in Fig. 3. The combined light components from the 
mirrors Ml through M5 and another mirrors are directed to the LCD panel 29, and the light 
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transmitted through the LCD panel 29 is diffused by the light diffusing layer 33 by the 
predetermined diffusing angle, so that the user can observe the displayed image without 
decreased contrast ratio over the viewing angle or the diffusing angle (Fig. 4(B)), which is 
wider than the viewing angle shown in Fig. 2. 
5 Fig. 5 shows the arrangement of ridges or rising portions forming the light reflecting 

surfaces of the mirrors 26 with respect to the fluorescent lamp 20. The light reflecting surface 
of each of the mirrors 26 continuously extends in a direction, which is parallel to a center line 
20 A of the fluorescent lamp 20. 

Fig. 6 shows an alternative structure of the backlight apparatus in accordance with the 

10 present invention. The backlight apparatus shown in Fig. 2 can be replaced by the backlight 
apparatus shown in Fig. 6. The backlight apparatus shown in Fig. 6 is similar to that shown in 
Figs. 2, 3A and 3B, except that the first light transmission layer 23 of a refractive index n2, 
which is smaller than the refractive index nl of the wedge-type light guide 22, is integrally 
formed on the micro mirrors 26. The light source 20, such as the cold cathode fluorescent lamp 

15 and the reflecting cover 21 are not shown in Fig. 6. The wedge-type light guide 22 is adjacent 
to the polarizer 27 and the LCD panel 29, shown in Fig. 2. The light passing into the first light 
transmission layer 23 is reflected by the mirror 26, and the tilting angle 6 of the mirrors is 
selected to reflect the incidence light to the reflecting surface of the mirror toward the LCD 
panel 29 (not shown in Fig. 6), in the direction along the normal line on the top surface of the 

20 light guide 22. The tilting angle 9 of the mirrors 26 can be controlled to control the angle 
spread of the light from the top surface of the light guide 22, in the manner as described with 
reference to Fig. 4. 
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Fig. 7 shows an alternative backlight apparatus in accordance with the present 
invention. The backlight apparatus shown in Fig. 2 can be replaced by the backlight apparatus 
shown in Fig. 7. The backlight apparatus shown in Fig. 7 includes the wedge-type light guide 
22, the first light transmission layer 23 and the light deflecting layer 34, such as a prism sheet. 
5 It is noted that the wedge-type light guide 22 and the first light transmission layer 23 of the 
backlight apparatus shown in Fig. 7 are similar to those of the backlight apparatus shown in 
Fig. 3. The light source 20 and the reflecting cover 21 are arranged to direct the light to the 
light guide 22, and these are not shown in Fig. 7 for simplifying the drawing. In the backlight 
apparatus shown in Fig. 7, the bottom surface of the light transmission layer 23 is attached to 

10 the top surface of the wedge-type light guide 22, and the prism sheet 34 operating as the light 
deflecting layer is attached on the top surface of the light transmission layer 23. The surface, 
from which the light is emitted, of each prism continuously extends in the direction, which is 
parallel to the center line 20A (Fig. 5) of the fluorescent lamp 20. 

In the backlight apparatus shown in Fig. 7, the prism sheet 34 is adjacent to the 

15 polarizer 27 and the LCD panel 29, not shown in Fig. 7. Fig. 7 shows the one of the light paths 
in the alternative backlight apparatus. The light directed into the light guide 22 from the light 
source 20 is reflected back at both the bottom surface and an interface between the light guide 
22 and the light transmission layer 23 as a total internal reflection, if the incidence angle of the 
light to the bottom surface of the light guide 22 is larger than the total internal reflection critical 

20 angle CI (42 degrees) of the bottom surface, and the incidence angle of the light to the top 
interface between the light guide 22 and the light transmission layer 23 is larger than the total 
internal reflection critical angle C2 (60.7 degrees) of the interface. During the total reflection 
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internal reflection, the incidence angle to the bottom surface and the top interface becomes 
smaller and smaller by the twice of the top angle of the wedge-type light guide 22. 

Since the critical angle CI of the bottom surface of the light guide 22 is still small 
enough for the light to leak out there, all the light power leaks out through the interface 
5 between the light guide 22 having the refractive index nl and the light transmission layer 23 
having the refractive index n2 lower than the nl . The light is transmitted within the light 
transmission layer 23, and reaches the interface between the layer 23 and the prism sheet 34. 
The distance LI of the prism is about 50 ju m and is very small in comparison with the size of 
the sub-pixel of the LCD panel 29. The prism sheet 34 deflects the incidence light toward the 

10 polarizer 27 and the LCD panel 29. 

By using the material having the refractive index nl of the value described before, the 
incidence angle A degrees to the surface of the prism is realized, so that the light is directed to 
the polarizer 27 with the narrow angle spread as in the case of the backlight apparatus of Fig. 3. 
In this manner, the light is entered from the light source 20 to the wedge-type light guide 22, 

15 then is entered into the light transmission layer 23 after several total internal reflections in the 
light guide 22, then is entered into the prism sheet 34, then is deflected along the normal 
direction of the surface of the LCD panel 29, and is finally emitted from the prism sheet 34, in 
the direction along the normal line of the LCD panel 29, to the polarizer 27 and the LCD panel 
29. When the light from the prism sheet 34 passes through the polarizer 27, the LCD panel 29 

20 and the polarizer 28, and passes through the light diffusing layer 33, the light is diffused by the 
light diffusing layer 33 within a predetermined diffusion angle B, as shown in Fig. 2. 
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Second Embodiment 

Fig. 8 shows a second embodiment of the color LCD apparatus using the backlight 
apparatus in accordance with the present invention. The structure and the operation of the LCD 
apparatus of the second embodiment is similar to the LCD apparatus of the first embodiment 
5 shown in Fig. 2 except for the following differences: (1) the light deflecting layer 24 including 
a reflective diffraction grating 41 (Fig. 9) is used in the second embodiment, (2) the color filter 
is not formed in the LCD panel 29 in the second embodiment, (3) a cylindrical lens array 38 is 
provided between the polarizer 27 and the backlight apparatus in the second embodiment, and 
(4) an optical filter 39 is provided between the light source or the fluorescent lamp 20 and the 

l o light guide 22 to filter the light of the particular wavelength. 

Regarding the light deflecting layer 24, Fig. 9 shows one of the light paths for a color 
separation by the reflective diffraction grating 41 in the light deflecting layer 24. The light 
deflecting layer 24 includes the reflective diffraction grating 41 and a light transmission layer 
40. The reflective diffraction grating 41 and the light transmission layer 40 are integrally 

15 formed. The refractive index of the light transmission layer 40 is preferably in the range of 1 .4 
through 2.0, and more preferably is 1.49. The material of the light transmission layer 40 is 
acrylic resin, glass, polycarbonate, polyethylene or polyester. The material of the reflective 
diffraction grating 41 is a metal, such as Al, Ni or Ag. The grating pitch (d) has the following 
relationship with the wavelength (A) of the light, the refractive index (n2), the exit angle (fi) of 

20 the light from the top surface, the exit angle (a) of the light in the light transmission layer 23 
having the lower refractive index n2 than the refractive index nl, and the incidence angle y to 
the interface between the light transmission layer 23 and the light transmission layer 40. 
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n2 Sin a - n2 Sin y = mA/d and 
Sin £ = n2 Sin a 

wherein (m) is an integer specifying the order of the diffraction. The angle a usually takes a 
value in the range of about 70 through 90 degrees. In the case that the green light of A =535 nm, 
m=l, a=80 degrees, and n2=1.3, the (d) should be 417.8 nm in order that £=0. The fact £=0 
indicates that the green light is normal to the top surface of the light guide 22. The blue light ( 
>i=445 nm) is going through along the light path angled from the green light by -10 degrees, 
and the red light (A =6 15 nm) is going through along the light path angled from the green light 
by +10 degrees, as shown in Fig. 8. It is noted that although one light path is shown in Fig. 9 as 
an example, the above color separation is performed at all the grating points of the diffraction 
grating 41. 

The cylindrical lens 38 of the cylindrical lens array is arranged to direct the blue light 
from the various grating points to the sub-pixel 35 of the LCD panel 29, to direct the green 
light from the various grating points to the sub-pixel 36, and to direct the red light from the 
various grating points to the sub-pixel 37. In this manner, the white light from the fluorescent 
lamp 20 is separated into the red light, the green light and the blue light by the reflective 
diffraction grating 41, and each color light is directed to the respective sub-pixel, whereby the 
color filter used in the first embodiment is not required in the second embodiment. In the same 
manner, the cylindrical lens 42 is arranged to direct the blue light from the various grating 
points to the sub-pixel 43, to direct the green light from the various grating points to the 
sub-pixel 44, and to direct the red light from the various grating points to the sub-pixel 45. 
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Fig. 10 shows the cylindrical lens array including a plurality of cylindrical lenses, such 
as the lenses 38 and 42. The top and the valley of the cylindrical lens array is arranged in 
parallel to the sub-pixels along the data lines or the gate lines of the LCD panel 29. 

The operation of the optical filter 39 is described with reference to Fig. 11. Fig. 1 1 
5 shows the white light generated by the fluorescent lamp 20. The white light includes the 
various light components, as shown in Fig. 11. The optical filter 39 suppresses the light 
components 46 and 47. 

Fig. 12 shows an alternative structure of the backlight apparatus in accordance with the 
present invention. The backlight apparatus shown in Fig. 8 can be replaced by the backlight 
io apparatus shown in Fig. 12. The backlight apparatus shown in Fig. 12 is similar to that shown 
in Figs. 8 and 9, except that the light transmission layer 23 of a refractive index n2, which is 
smaller than the refractive index nl of the wedge-type light guide 22, is integrally formed on 
the reflective diffraction grating 41. The light source 20, such as the cold cathode fluorescent 
lamp 20 and the reflecting cover 21 are not shown in Fig. 12. The wedge-type light guide 22 is 
1 5 adjacent to the polarizer 27 and the LCD panel 29, shown in Fig. 2. The color separation is 
performed in the manner as described with reference to Fig. 9. 

Although the TN liquid crystal material is used in the embodiments described above, 
any liquid crystal materials, such as ferroelectric liquid crystal material, and anti-ferroelectric 
liquid crystal material, which are capable of electrically controlling the polarized light, can be 
2 o used in the invention. 

With the unique and unobvious feature of the present invention, a light guide apparatus 
and the backlight apparatus can be produced which can generate light with an angle spread or 
an angle less than 10 degrees FWHM, which can reduce the fabrication cost, and which can 
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improve the efficiency of usage of the light from the light source, and can produce an LCD 
apparatus using the light guide apparatus and the backlight apparatus. 

While the invention has been described in terms of several preferred embodiments, 
those skilled in the art will recognize that the invention can be practiced with modification 
within the spirit and scope of the appended claims. , 
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